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Reading meeting, John Hardcastle 
from the company discussed 
the commercial and regulatory 
challenges attached to such 
endeavours.
Christine Rohde and Johannes 
Wittmann at the German Collection of 
Microorganisms and Cell Cultures in 
Braunschweig are in the process of 
expanding their arsenal of medically 
useful phage strains. Most recently, 
they reported the characterisation 
of phages against the opportunistic 
bacterial pathogen Achromobacter 
xylosoxidans, which causes 
complications in patients with cystic 
fibrosis and often carries multiple 
antibiotic resistance traits (PLoS One 
(2014) 9, e86935; Virology Journal 
(2014) 11, 14).
While research aimed at medical 
application of phages is making 
rapid progress, a key problem 
remains the mismatch between 
the biological properties of phages 
and the established regulatory 
frameworks for drugs and medical 
procedures. As mentioned above, 
the success of phage therapy may 
depend on rapid change to the 
recipe, outrunning the evolution of 
the targeted bacteria. This need 
for change and for efficient use of 
the natural diversity of phages runs 
against the grain of the established 
drug regulations and guidelines 
which aim to pin down the precise 
and unchangeable composition of a 
given treatment and require time-
intensive testing of this very specific 
product. 
Therefore, Gilbert Verbeken and 
colleagues at Leuven and Brussels 
have argued that adaptation of 
existing drug rules for phages  
would be impractical (Arch. Immunol. 
Ther. Exp. (2014) 62, 117–129). The 
authors call on the European Union 
to set up new guidelines specifically 
for phage therapy, based on the 
ecological knowledge accumulated 
in recent years. The important 
message to regulators as well as 
to future users of phage therapies 
is that, even though they may one 
day replace antibiotics, they don’t 
behave like antibiotics, and we, as a 
civilisation, definitely don’t want to 
repeat the mistakes we made with 
antibiotics. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.ukDolf Seilacher 
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For decades the tall and commanding 
presence of Dolf Seilacher at 
paleontology conferences was 
something that was both welcomed 
and dreaded by younger colleagues: 
welcomed because it was flattering 
having the invariably rapt attention 
of one of the few globally recognised 
scientists in the field; dreaded because 
that attention often transmuted 
into a penetrating question coming 
from a direction nobody could have 
anticipated. Seilacher was one of the 
great lateral thinkers. He belonged 
neither to the earth nor to the life 
sciences, but made fundamental, 
synergistic contributions to both. This 
was finally recognised by the award of 
the Crafoord Prize in 1992.
Most paleontologists study fossils in 
the privacy of their own laboratories. 
The ideal fossil might be cleaned of 
its sedimentary matrix the better to 
get down to the details. Dolf Seilacher 
was as interested in the relationships 
of fossils to the enclosing rock as he 
was in any bone or shell. During the 
1960s and 1970s he was seminal in the 
development of the study of the tracks 
and trails left by biological activity on 
the surface or within sediments — 
those destined to become trace fossils, 
or ‘ichnofossils’ as they are known. He 
discriminated various ways in which 
such tracks could be impressed upon 
or cast by clays and sands, so that 
a previous, rather naïve view based 
essentially on the image of a footfall 
upon a beach became much more 
nuanced. Even the most delicate and 
momentary behavioural maneuvers 
within the sediment could leave an 
eternal imprint if the conditions for 
their preservation were just right. 
Recognition of different types of 
locomotion and foraging activities then 
became integrated with geological field 
studies around the world that proved 
that there were distinct suites of 
ichnofossils typifying different ancient 
marine depth-zones and habitats. The 
broad evolutionary sweep of trophic 
history thus became a subject for 
rational observation: for example, by 
Obituary recycling nutrients that previously were entrapped in the sedimentary 
column, deeper burrowing may have 
been crucial to igniting the evolutionary 
‘explosion’ in the Cambrian during 
which a host of new body plans 
appeared; and it was surprising just 
how quickly thereafter a wide range 
of foraging and grazing habits were 
innovated on the Phanerozoic seafloor.
Seilacher recognised that it is not 
absolutely necessary to know exactly 
what kind of organism was at work 
on a track or trail to understand 
the exploitation of the seafloor. 
Which animal left a trace is often 
impossible to determine, as body 
fossils are rarely preserved in the 
same paleoenvironments as trace 
fossils. However, the bigger picture 
of environmental exploitation was 
accessible to analysis, as analogous 
foraging techniques had evolved 
repeatedly through geological time. 
Seilacher was incomparable when it 
came to ‘reading’ traces as biological 
activity. But he was equally convinced 
that some very particular ‘species’ of 
ichnofossils could be used to date 
rocks in areas where body fossils were 
lacking. This was applied with success 
to correlate Palaeozoic rocks over huge 
areas of North Africa that had previously 
defied geological classification. 
Although much of his groundwork on 
ichnology was done in the twentieth 
century, Seilacher finally summarised 
his lifetime’s interest in the book Trace 
Fossil Analysis published in 2007 when 
he was over eighty.
It was a logical extension of his 
ichnological work — and also a 
long-standing interest in special 
fossil preservations, which he termed 
Konservat Lagerstätten in 1970 
— that propelled Seilacher to study 
the curious Precambrian fossils of the 
Ediacaran rocks of South Australia 
and elsewhere. These large — and 
largely mysterious — organisms 
were the only substantial metazoans 
preceding the Cambrian appearance 
of our familiar animal phyla, and they 
are preserved in the kind of sandstones 
and shales with which Seilacher was 
so familiar. They comprise a very wide 
range of morphologies, and some had 
previously been interpreted in relation 
to younger metazoans, as ‘missing 
links.’ Characteristically, Seilacher 
at once came back with a radically 
dissenting interpretation: these were 
quilted organisms of a kind radically 
different from subsequent metazoans, 
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Photo: Jakob Vinther, University of Bristol.to which they were hardly related 
other than by common ancestry. He 
termed them Vendobionta. He also had 
interesting ideas on how it was possible 
for creatures lacking hard parts 
altogether to be fossilised, recognising 
the importance in the Precambrian of 
bacterially-bound surfaces in facilitating 
exceptional preservation (in younger 
strata grazers destroy such surfaces). 
While his interpretations were, as 
so often, controversial, subsequent 
research has, in general, supported the 
idea that Ediacaran animals — some 
of them fractally constructed — do not 
fit readily into the tree of extant animal 
life. Many of the supposed Ediacaran 
trace fossils that had been claimed as 
supporting the existence of coelomate 
animals then were subsequently 
rejected.
Seilacher’s contributions to ‘whole 
organism’ paleontology embraced 
much of the geological column, and 
were united especially by a concern 
with morphology and adaptation. He 
applied his forensic skills to a critique 
of what he regarded as over-simplified 
adaptationist models, drawing 
particular attention to two other major 
constraints on what an organism 
could, or could not do in response 
to an environmental challenge. The 
historical component included features 
determined by the ancestry of an animal 
under study: the fact that the mantle 
of a brachiopod is different from that 
of a mollusc limits the morphological 
excursions they are able to undergo, 
nor can useful structures necessarily 
be generated de novo just because 
they would be convenient. In some 
ways this was a nod to a traditional 
German bauplan, a deep design 
constraint inevitably passed on from the 
beginnings of phylogenetic divergence. 
Then there was the constraint that 
came to be known by the inelegant 
term Konstruktionsmorphologie, an 
appreciation of the necessities imposed 
by different methods of adding tissue. 
The peripheral growth made possible 
by a mollusc’s mantle produces 
different answers to an adaptation 
problem than the kind of morphology 
that an arthropod might produce by 
its ecdysial growth. Nonetheless, a 
limpet and a barnacle might come to 
resemble one another because of the 
constraints of the neritic environment: 
contrasting styles of construction are 
associated with different solutions 
to similar adaptive problems. Many 
solutions in nature were the result of a compromise between the three ‘pulls’ 
of adaptation, phylogenetic history, and 
structural imperatives. Not every feature 
was necessarily optimised for function 
alone. 
In many ways, Seilacher anticipated 
the famous 1979 paper by Stephen J. 
Gould and Richard Lewontin, grandly 
titled: ‘The Spandrels of San Marco and 
the Panglossian Paradigm: A Critique 
of the Adaptationist Programme’, which 
is still widely cited. On a more down-
to-earth level Seilacher produced case 
studies of many groups of organisms 
explaining how their designs worked 
in relation to habitat, and how the 
constructional tools available to the 
animal managed to build the necessary 
structures. He investigated the ways 
that clams evolved to stay ‘afloat’ on 
soft mud, or developed anchoring 
techniques, and how these differed 
when brachiopods, arthropods or 
even echinoderms encountered much 
the same life problems. These papers 
often had a deceptive simplicity, that 
made you respond: “why didn’t I 
think of that?” Specialists were not 
infrequently irritated by the omniscient 
way Seilacher moved between phyla 
or disciplines (and it is true that he was 
occasionally mistaken in morphological details), but few would begrudge him 
the credit for making them think in new 
ways about their favourite organisms. 
He himself perhaps underplayed the 
external historical factors that guided 
evolutionary history: for example, the 
kind of co-evolution that Geerat Vermeij 
recognised in the ‘Mesozoic marine 
revolution.’ Nonetheless, the sharpness 
of Seilacher’s own observations never 
failed.
Seilacher came from a southern part 
of Germany, known as Swabia, and 
given historical hindsight it is scarcely 
surprising that he preferred his given 
name to be used without its initial ‘A’. 
His career ran through a distinguished 
gamut of appointments and awards,and 
visiting positions at more than a dozen 
universities around the world. Most 
fellow palaeontologists will recall 
his many years at the University of 
Tübingen, latterly heading a department 
which he made very much his own. 
He later married European academic 
life with a cross appointment at Yale 
University. He received recognition 
on both sides of the Atlantic, from the 
Paleontological Society in the United 
States, and the Palaeontological 
Association in the UK — the latter a 
society he had supported loyally until 
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them think”, and from my point of 
view it is quite an achievement to be 
able to combine these two reactions 
within the framework of one single 
paper. 
My colleagues and I got the prize 
for a study published in Current 
Biology at the beginning of 2013 
“Dung beetles use the Milky Way 
for orientation” (Current Biology 23, 
298–300). What entertained the prize 
committee was that we put little 
caps on dung beetles and brought 
them and their smelly meals to a 
planetarium show. Overnight, with 
the IgNobel prize as a media catalyst, 
our finding that the Milky Way can 
act as an orientation cue for small 
navigators reached the homes of 
more than 120 million people across 
the globe (and was even mentioned 
in the cult TV program The Big Bang 
Theory)! In addition to this fantastic 
opportunity for scientific outreach, 
the prize ceremony itself was a 
fantastic experience. It sent shivers 
down my spine when hundreds 
of paper aeroplanes were thrown 
from the wooden balconies of the 
beautiful Sanders Theater at Harvard 
University onto the stage. If you are 
ever offered an IgNobel prize, feel 
noble and embrace it. 
Why dung beetles? From the 
beginning, I studied the ball-rolling 
dung beetles during my pastime 
while my other study animals refused 
to come out of their nests. As it 
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Marie Dacke is an Associate 
Professor of Sensory Biology in 
the Lund Vision Group at Lund 
University in Sweden, a position she 
has held since 2007. She studies the 
sensory basis of safe and directed 
movements, specifically those 
involved in celestial orientation and 
flight control. These issues allow 
her to work on animals as varied as 
zebrafish, spiders, dung beetles and 
bees. She is a member of the Young 
Academy of Sweden, competes in 
popular science presentation, hosts 
the University Biology Show and has 
recently received the IgNobel prize in 
Biology and Astronomy. 
What inspired you to become a 
biologist? My favourite pet as a 
10-year old child was a massive lope-
eared rabbit, and one morning, to 
my despair, I found his outdoor cage 
completely empty and destroyed. 
This coincided with one of the 
rare times when a wolf had been 
spotted in southern Sweden, and the 
journalists gathered in our garden to 
tell the story about the girl that had 
lost her rabbit to the beast. Biologists 
from Lund University were called in 
to confirm that the large footprints 
in our strawberry patch were indeed 
from a wolf. I watched the scientists 
in action, measuring, discussing, 
making casts, discussing… and 
decided there and then that this was 
also what I wanted to do. Today, 
some of these biologists are now my 
colleagues. Was it the footprint of a 
wolf? No, in the end the rabbit hunter 
turned out to be no more than a very 
large farm-dog on the run.
Was the award of an IgNobel prize 
primarily an honor, or did it in some 
way ridicule your research? Once 
the prize had been announced, we 
received congratulations from all 
over the world, but a few friends 
and colleagues did not know if they 
should congratulate us or give us 
their condolences. My answer to 
all of them was that they should 
definitely congratulate us! Since the 
year 2000, the IgNobel prize has 
been awarded for “research that first 
makes people laugh and then makes it became a flagship group for all of 
Europe. The Crafoord Prize was the 
icing on the cake. He spent all of the 
money associated with the latter on 
encouraging his favourite science.
Twenty years ago, I went on a joint 
field trip with Dolf Seilacher to the 
remote Oman desert. The idea was 
to investigate Cambrian trace fossils 
and link them — for once — to a real 
‘culprit’, the trilobite species that made 
them. Seilacher was an experienced 
desert hand, as driving through dune 
country soon proved. His redoubtable 
and indispensable wife Edith was an 
even more exciting driver. Once on the 
rock outcrop, Dolf paced up and down 
like a terrier in search of a rat. When 
something attracted him he would 
study it intently uttering “hah huh!” 
or something similar, followed shortly 
by a confident and utterly convincing 
forensic explanation of the trace fossil 
in question, in English and German. As 
night fell, while smoking his trademark 
Groucho Marx cigar, he astonished by a 
comprehensive knowledge of the stars 
in the flawless heavens. In the morning 
I remarked him conversing with a local 
in fluent Arabic. The word ‘omniscient’ 
came to mind.
Justice could not be done to 
Seilacher without referring to one of 
his more extraordinary talents. He 
was a superb draughtsman. I believe 
he used drawing as a way of thinking 
through morphological or behavioural 
problems. The diagrams of organisms 
under construction or at work he 
created for his papers and his text-book 
have a uniquely convincing solidity, 
and a peculiar knack for making an 
apparently obscure point transparent. 
For this reason they were widely 
adopted in teaching throughout the 
paleontological world, and contributed 
in no small way to his reputation. 
Seilacher was convinced of the beauty 
of fossils as ‘art objects’ and sought 
to communicate that belief through a 
travelling exhibition, ‘Fossil Art’, which 
he curated in his later years, featuring 
a range of superb examples, including 
Ediacaran age fossils from Namibia. 
He would probably not have made the 
same artistic claims for his own work. 
But in the quality of his illustrations he 
was following a German tradition set 
by Ernst Haeckel, zoologist, polymath, 
artist and philosopher. It does not get 
better than that.
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